immune propagation of nontrivial surface wave across a three-dimension physical step. Our results demonstrate metamaterial approach towards topological photonics and offer a deeper understanding of topological phases in threedimension classical systems.
In order to observe the characteristics of a Weyl semimetal, a sample that possesses either broken time-reversal symmetry or broken inversion symmetry is required. In classical electromagnetism, it is more feasible to break inversion symmetry than time-reversal symmetry since breaking time-reversal symmetry requires lossy magnetic materials and external magnetic fields. Here a chiral hyperbolic metamaterial (CHM) with broken inversion symmetry, which was proposed as topological metamaterial 24 , is employed to explore the photonic 'Fermi arcs'. The topological nature of the metamaterial can be described by a homogeneous effective model and its
Weyl points arise from the degeneracies between intrinsic electromagnetic modes:
longitudinal plasmonic mode and spin-polarized transverse mode 24, 25 . It is different from usual photonic realization of Weyl degeneracy in photonic crystal 26, 27 , where spatial degrees of freedoms offer the state sub-space. The two bands that cross each other forming the Weyl cone have the same sign of velocity along a certain momentum space direction (k y as shown in Fig. 1a and b) . In a simple effective model (see the supplementary information) of the CHM, one pair of type-II Weyl points 24,25 , represented by the two red spots (W1s) in Fig. 1c , is located at large k therefore becomes much easier to be identified experimentally. Without any mirror symmetries, two blue spots W2s (one is hidden), located at a lower frequency in are showed in Fig. 1f , g and h. In the Fig.1f , clearly one sees surface state arcs abruptly arise from W2 Weyl points, whose bands along ΓX are flat (dashed line), behaving like a transition phase between type-I and type-II Weyl points 28 . As the frequency increasing, surface state arcs will be tangent to the corresponding bulk states, which contain the projections of Weyl points. Finally, they terminate at W1s in Fig. 1h .
The CHM is constructed by stacking of two-dimensional tri-layer unit. Fig. 2a illustrates a cubic unit cell of the CHM, which is fabricated on copper-clad FR4
substrates with dielectric constant of 4.1. The thickness of each copper layer is 35 µm and the copper can be regarded as a perfect electric conductor (PEC) in the studied frequency range 5-10 GHz. To obtain the desired hyperbolic properties of the CHM, 200 µm-wide metallic wires are formed along the y-direction on top surface of the bottom layer (Fig. 2a) . Metallic crosses are superimposed on these wires to increase the local capacitances and suppress the strong non-local effects induced by the metallic wires alone 29 . In order to break inversion symmetry, we introduce metallic helix structure on the top layer. Due to the small number of turns per unit length, electric current driven along the helix induces a magnetic dipole moment that is slightly misaligned with the x-axis 30 . This leads to a tiny shift (0.01π/a) of W1 away from the k y axis and a large shift (0.14π/a) of W2 away from k x axis as shown in Fig 2d . photonic realm, such as artificially controllable structure design, we anticipate our observation to be a start point for surface 'periscope' imaging technology, near field sensing and directional information transmission in bulky integrated photonics.
Methods
The experimental setup is schematically shown in Fig. 2c (see supplementary information for real setup). Instead of using angle-resolved transmission measurement, we employ a microwave vector network analyser (VNA) and a near-field antenna acting as source (stationary) to provide excitation of electromagnetic surface waves, which are subsequently probed with a second near-field antenna (controlled by a xyz translation stage). Both the amplitude and phase of the electric field near the surface of the CHM are measured. The band structure of surface wave can then be determined from Fourier analysis of the spatial distribution of electric field at each frequency. In the scanning measurements, the scan step is set at 2 mm, which equalling to half lattice constant of the cubic unit cell (4×4×4 mm 3 ) will determine the maximum surface k-space range as
[-2π/a, 2π/a] 2 under Fourier transformation. With fixed scan step, the k space resolution is controlled by the maximum area being scanned, i.e., the size of sample fabricated.
Here each unit cell can be considered as an electromagnetic 'meta-atom' with structureperiod/ vacuum-wavelength ratio around 1/10. The collective effect of a large number of these 'meta-atoms' is measured, which is the key principle of metamaterials in general. Because the type-II Weyl point is located far away from the light cone, the topological surface wave is well confined at the interface between the CHM and air, which greatly facilitates the near-field measurements. Top surface scan taken with the X (polarized source) -Z (polarized probe) configuration
